U. S. Department of Agriculture August 28, 1968
Soil Conservation Service

Engineering Division

Design Branch

DESIGN NOTE NO. L4*

Subject: Cradle Modification Where a Rock Foundation Hiatus Exists

“When & conduit is designed for a non-yielding foundation, it is some-
times discovered during construction that the actual profile of the
rock foundation differs significantly from that assumed in design. If
the actual profile differs from the assumed profile, the loading on the
conduit will be affected unless some modification is made. Where the
rock profile lies below the assumed rock profile, the load op the con-
duit will be increased due to the increase in the distance between the
top of the conduit and the rock foundation. In this case the designed
conduit should be used only if the load on the conduit can be reduced
to that assumed in design. ‘
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Figure 1. Definition sketch

*Prepared by the personnel of the Design Unit, Design Branch, Hyattsville,
Maryland.



The purpose of this design note is to present a method for maintain-
ing the load on a conduit at a hiatus in the rock foundation equal to
the load determined in designh. This method is intended for use where
the deviation between the assumed and actual rock profiles occurs

over a relatively short length. The method presented involves a modi-
fication of the dimensions of the cradle for the pipe conduit.

In determining the cradle modification required, the theory contained
in Technical Release No. 5 is used along with the following assumptions:

1. The conduit is a positive projecting conduit on a
non-yielding foundation.

2. The average unit load on the designed conduit and
the modified cradle obtained by using an interior
" prism width equal to the top width of the modified
cradle may be conservatively taken equal to the
average unit load on the designed conduit and cradle
obtained by using an interior prism width equal to
the top width of the designed cradle.

The nomenclature used in this design note is the same as that of
Technical Release Nu. 5 with these additions:

B = top width of the designed cradle, ft
B' ‘= top width of the modified cradle, ft
Ccp = load coefficient for positive projecting conduits —

designed cradle

Cép load coefficient for positive projecting conduits -

modified cradle

i

=
n

average unit load at the top of the conduit —

c
P designed cradle, 1bs/ft2 (See Equation (2))
wép = gverage unit load at the top of the conduit —
modified cradle, 1bs/ft2 (See Equation (k4))
_ch = total vertical load at the top of the conduit over
the designed cradle width, 1bs/ft length of conduit
Wép = total vertical load at the top of the conduit over
the modified cradle width, 1bs/ft length of conduit
o\ = projection ratio — designed cradle (See Figure 2)
n' = projection ratio — modified cradle (See Figure 3)
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Figure 2. Section A-A
The derivations of load formulas for positive projecting conduits are
given in Technical Release No. 5, Appendix A.
The load on the designed conduit and cradle is
ch = Ccp7B2 (l)

The average unit load is
We

Wep = 5 = Cop?B | (2)
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Figure 3. Section A'-A'



The load on the designed conduit and modified cradle is
Wip = Clpy(B')2 (3)
The average unit load is
1
Wop = H%g = Cep?B’ (4)

If the average unit load on the designed conduit and modified cradle
is made the same as that on the designed conduit and cradle, then

Vep = Vip (5)
or

Cop?B = CépVB' (6)

CepB = CépB' (7)

It should be observed that this method involves a modification of the
cradle in which the top of the cradle, for the width, B', is at the
elevation of the center of the conduit. Cursory investigation might
suggest that the average unit load on the designed conduit and cradle
could be duplicated merzly by increasing the cradle width at and be-
low the elevaticn of the assumed rock profile. In order that this
approach duplicate the original design conditions, the cradle would
of necessity have to be made quite wide. Hence this approach. is not
economical.

Using Equation (7) and Technicgl Release No. 5, a trial and error solu-
tion could be made for B'. The attached drawing, ES-181, can be used
to explicitly determine B', thus simplifying the procedure for obtain-
ing the necessary cradle modification.

. . . He He
ES-181 is a plot having an abscissa of ﬁﬁ (or ﬁrET) and curves of

2Kun (or 2Kun'). Sheet 1 of ES-181 encompasses values of %% from

0 to 20 and 2Kun from 0.2 to 2.0. Sheet 1 is an enlargement of a por-
tion of sheet 2. Sheet 2 has values of %% from O to 60 and values of
2Kun from 0.2 to 2.0.

For the normal situation the value of B' can be obtained from ES-181.
Knowing H., n, B, (n'B'), and Ku,

l. Draw a straight line from the intersection of the known
values of %% and 2Kum to the origin of the chart. This

line is the Solution Line.

Read the value of 2Kun' at the intersection of the Solution

r
.




Line and the value of TEE%TT'

3. Calculate the value of n' by

o 2Kun’
= T2Ru

4. Determine the value of B' by

B':Lﬂ'?—')

n

Normally ES-181, sheet 1 will be used in determining B'. However, if

%% is greater than 20, sheet 2 will be used. Where this is the case

and HE%T is less than 20, the direction of the Solution Line will be

obtained from sheet 2; but the value of 2Kun' can be obtained from
either sheet 1 or 2. Sheet 1 gives better accuracy than sheet 2. To

obtain from sheet 1 the value of 2Kun', where %% is greater than 20
He

and 7B is less than 20,
1. Determine from sheet 2 the 2KHn value at the intersection
of the Solution Line and the dashed line designating the
limits of sheet 1.

2. Locate this same point on sheet 1 and draw from this point
the Solution Line.

3. Read the value of 2Kun' at the intersection of the Solution

. He
Line and T]'_B'—.

The presence of a rock foundation hiatus will increase the tendency for
failure in the soil because of the increased differential settlement at
the hiatus. Where the soil used in the embankment is "brittle," con-
sideration should be given to flattening the cradle side slopes, to
perhaps 1 to 1, to decrease this possibility of failure.






UNDERGROUND CONDUITS: Cradle Modification for a Rock Foundation Hiatus— Determination of 2Kun!

NOTE: 1. The symbols m, 1', B, and B' are defined by the
sketches at the right.

2. Values of Ku may be obtained from ES-114.
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Il = vertical dist nce from top of backfill or epbankment to top

K = ratilo at a pc.nt of active lateral pressure to vertical pres-
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w = tangent of th: angie of interpal frictiom of the backfill or
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UNDERGROUND CONDUITS: Cradle Modification for a Rock Foundation Hiatus —Determination of 2Kun'

wr conduit, ft

embankment material

Assumed
Rock Foundn!lon—\

Designed Conduit and Cradle Actual

Rock foundotion
NOTE: 1. The symbols n, n', B, and B' are defined by the
sketches at the right.

NOMENCLATURE

~ = vertical distance from top of backfill or embankment to top

= ratio at a point of active lateral pressure to vertical pres-
sure for the backfill or cmbankuwent material
= teogent of the apgle of ipternal friction of the beckfill or

b
2. Values of Ku may be obtained from ES-114. Designed Conduit and Modified Cradie
A Z
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UNDERGROUND CONDUITS: Gradle Modification fora Rock Foundation Hiatus—Determination of 2Kun'

EXAMPLE 1

Given: 36" I.D. pipe 3,813 £t

He = 40 £t 5.15 ft

Ku = 0.19 Pbe = 4.5 ft
Determine: The cradle modificetion required if f B =8 rt.
Solution:

1. Compute
H 40
- s = 8.5 ’
_nB _ ks
U e e i 0.874

2Kun = 2(0.19)(0.874) = 0.332
2. Use ES-1H1, sheet 1.
For % = 8.89 and 2Kun = 0,332, draw the Solution Line.

At the intersection of the Solution Line and 'l'iBr = %9 = 5.0, read 2Kun' = 0.393,

3. Compute
oeiun "“'-_ZEZO' - 3
B = K - 1.03

B' :ﬁii:’(.'?’]i‘t

n

nr 1.03
EXAMFLE 2
Given: 30" I.D. pipe be = 2,958 £t
He = 20 £t B =4.29 £t
K = 0.18 nB = 5.6 ft
Determine: The cradle modification required where 1B =19 ft.
Solution:
1. Compute
He 20
F-i8" 5.56
_1B_ 3.6 _
no=F-= ﬁTg =0.839

2Kun = 2(0.18){(0.839) = 0.302
2, Use ES-181, sheet 1.
Determine the intersection for ;{C—B = 5.56 and 2Kun = 0,302 and draw the Solution Line.
Normally the 2Kun' value to be determined would be located at the intersection of the
Solution Line and the W velue, but notice that this intersection, where —4—— = %% =1.05,

TE
is below the line AB. Since this 1s the case, read the values of 2Kun' = 0,80 end
He

W =1.31 at the intersection of the Solution Line and the 1line AB.

3. Compute i
2Kuy'  0.£0
n’ =TWL=W6:?"22
fie 20
B =T Mo === =15.27
T It
' -
B = LL,% :%:6.881‘1:

NOTE: If the intersection of the values of EB and ZKut occurs below the line AB, no modification
of the cradle vidth is requived, "

EXAMPLE 3
Given: 24" I.D. pipe
=80 frt

K = 0,19

be = 2.5 £t

B 833 £t

1B = pbe = 2.5 Tt
Determine: The cradle modification required where 7 B' =7 ft

I. Using £S-181, sheet 2.
II. Using ES-181, sheets 1 and 2.
Solution:

I. Using ES-181, sheet 2.

A. Compute

2K = 2(0.19)(0;652) = 0.248

B. Determine the intersection for % = 32.0 and 2Kun = 0,248 and drew the Solution
Line. i
. X . He 8
Then, at the intersection of the Sclution Line and T =70 " 11.4%, read
2Kuy' = 0.28.
C. Compute

_ 2Kun'

0.28
' - _
7= TeRe T0.38 =077
[
s 1.0
SR xS A R
II. Using ES-161, sheets 1 and 2.
A. From sheet 2
At the intersection of the Solution Line and Y]HC—B = 20, read 2Kun = 0.26.
B. From shest 1 N
From the intersection of ;’Q—B = 20 and 2Kun = 0.26, draw the Solution Line.

He
Then at the intersection of the Solution Line and T - 11.43, resd 2Kun' = 0.28Y4,

C. Compute
o _ Skup' _0.28y
N =R = 5.5 = 0THT
B 1B _ 1.0

=T = 9.37 ft
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